
WACO 25 KIP TOWERS

THE PROBLEM - WITH WACO 25 KIP SHORING:

In November, 1992 during placement of concrete for stems and
soffit of a box girder bridge a single 25 kip capacity WACO tower
appeared on the verge of collapse and had to be augmented with a
secondary tower and auxiliary posts. The compressive bracing in
the long direction bowed or buckled about the time that concrete
was being placed up to mid-height for the stems. The end frames
of the 25 kip towers were aligned under the structure stems,
while the long tower direction matched the structure stem spacing
of 8'-0".

The 25 kip WACO tower units are supposed to have a safety factor
of 2.5 at rated load.  The end frames have a pair of horizontal
structural tube struts in the upper 2 feet, and circular tube X-
brace in the lower 4 feet, with all end connections welded to the
structural tube legs. Studs welded to the inside upper and lower
portions of the legs serve as connectors for the round tube cross
bracing (also X type bracing) which is erected in the alternate
direction to make up a square or rectangular tower. The cross
bracing for the 25 kip towers look very similar to much lower
capacity (11 kip) towers or to conventional painters scaffold
bracing. In the cross bracing direction there is no horizontal
top member to distribute transverse loading to compression and
tension members.

Site investigation showed that the bottom of some of the towers
in the long (8' -0") direction measured about 7'-11", 6 foot
higher at the top of the lower tower unit the horizontal
measurement was about 8'-l", and the top of the next tower unit
measured less than 8'-0". These measurements were all supposed
to measure very close to 8'-0", but more importantly the
measurements were all supposed to be the same to insure plumb
tower legs. It was noted that the top jack plates were fixed to
the top cap with clamps, and that irregularities in leg alignment
extended through the extension frames and into the upper jacks.

WACO 25 kip towers can normally be erected as described above
because of the extremely loose tolerance at the leg to leg
connections, because of loose connections at the cross brace
midpoints and at the end connections, because of uneven
foundations, because of bent or worn components and because of
poor workmanship.

The site investigation also demonstrated that there is a large
amount of looseness or tolerance in the leg to leg connections
made with coupling pins, for the leg extensions, and for the jack
connections. The jacks come in two configurations, either with
swivel or with fixed plate connections. It was noted that fixed
head jacks were used at the tops of the towers.
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A WACO representative who visited the job site commented on the
falsework in the following manner:

End frames must be plumb, and uniform spacing between end
frame legs as falsework erection progresses upward must be
maintained by measuring or by use of gage blocks. The leg
coupling pins furnished some moment capacity which probably
prevented total collapse of the distorted tower.

Copies of photographs that follow depict potential alignment
problems with WACO 25 kip towers,

Typical tower configuration. Note bowed bracing.

Offset tower legs
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Bent or bowed X and cross bracing.
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Tower leg misalignment

THE SOLUTION - FOR WACO 25 KIP SHORING:

WACO towers have previously been tested and approved for use at a
rated capacity of 25 kips maximum per leg with a safety factor of
2.5. Testing was performed with undamaged tower units erected
properly.

If proper care is exercised in erecting WACO 25 kip towers in
conformance with proper guidelines, circumstances similar to
those pictured previously should not occur.

Guidelines for proper erection of WACO towers are outlined in the
WACO publication titled "ERECTION INFORMATION FOR SHORE "X"
TOWERS"; in Chapter 6 of the falsework manual under the heading
of, "Intermediate strength shoring"; and in accordance with the
instructions set forth in Chapter 9 of the falsework manual, with
particular attention being given to the section titled "Steel"
Shoring".
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When falsework plans are received which include "WACO-SHORE 'X'
25 K" vertical shoring be sure to receive all pertinent
information about the tower components, including the cross
bracing sizes according to the WACO numbering system. If not
furnished, request from the contractor the publication titled
"ERECTION INFORMATION FOR SHORE "X" TOWERS".

When reviewing the falsework keep in mind that the tower capacity
is reduced to 20 kips if swivel head jacks are to be used, that
the jack extension is limited to 14 inches, that extension frames
are to be braced, that leg loadings are not to have greater than
4 to 1 ratios, that additional bracing is required for tower
heights greater than three frames, and that system stability must
be considered. WACO 25 kip towers are not designed to resist
lateral loadings, so alternate support will be required for wind
and for 2% of the dead load or greater lateral loadings. When
tower height is to be greater than 5 frames plus an extension a
written statement that the shoring will carry the design loads
will be required from the shoring manufacturer before the
drawings are approved.

As soon as practical after WACO materials are received on the job
review the components to ascertain that they conform to the
falsework drawings and that they are undamaged.

When WACO tower falsework erection starts, become involved to
confirm that the end frames and extensions are erected plumb, 
that cross bracing is the proper type and is in good condition,
that tower legs are erected symmetrically without offsets at the
connector locations, and that the entire assembly conforms to the
intent of the falsework drawings and to WACO recommendations.

If there is some question as to whether components are truly WACO
parts, require in writing, a statement from a WACO representative
that all parts are as represented, and that the system is
appropriate for the intended use.

Keep an eye on the falsework, not only when the towers are being
loaded, but periodically thereafter because of possible eccentric
loadings which can develop due to differential settlement between
tower legs or between adjacent towers. Those legs which settle
the least will be picking up additional load from the tower legs
which settle more.

Attached are three sheets from WACO literature. The first two
sheets (numbered -3- and -4-) describe tower parts and the last
sheet lists some of the Steel Frame Shoring Safety Rules.
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SCREW
ADJUSTMENTS 4" TO 28"

EXTENSION 1'- 0" TO 5'-0"

1 TIER
2 TIERS
3 TIERS 25,000 lbs./leg
4 TIERS
5 TIERS
6 TIERS CONSULT WACO ENGINEERING

2.5:1 safety factor (average)

ALLOWABLE WORKING LOADS

1.) For towers over 37'-4” high consult with Waco Engineering
Department.

2.) Extensions: 1) -0" to 2' require side crossbraces only.1' -O"
2) 3’-0”, 4'-0" and 5'- require side0"

crossbraces and end cross braces on the face
of the extension frame.

3.) Cross Braces:l) For frame spacing of 2'-7-3/4" to 7'-0",
Series #0244-XX, 20XX-00, 21XX-00, or 25XX-00
may be used.

2) For frame spacing over 7'-0" to 10'-0" in-
clusive, Series 25XX-00 braces must be used.

3) When 12'-0", 13'-0" or 15'-0" crossbraces are
used in a tower, consult with the Waco
Engineering Department.

4.) Adjustments: Screw adjustment is the sum total of the top
and bottom screw adjustment.

5.) Bracing: For Stability during erection, 2" X 6"
minimum bracing with #2570-02 nailing plates
located at every third (3rd) frame up the
tower, is recommended for towers over 3
frames high. Additional lateral bracing may
be required due to wind, etc., and should be
considered on a job to job basis.
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